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® Standardization of spectral lines. 



® A method and apparatus for standardizing spectral line intensities In a spectral monochromator that 
separates an input beam Into a sample spectral line characteristic of a sample element a reference spectral line, 
a standard spectral line and a baci<ground spectral band. At a first point In time an intensity Ia of the sample line! 
a first intensity 1^ of the reference line and a first intensity Ibi of the bacI<ground band are measured. At a 
second point In time an Intensity Is of the standard line, a second intensity \nz of the reference line and a second 
intensity 1^ of the background band are measured. An intensity ratio IR defined by the formula 
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is computed wherein the intensity ratio IR represents a standardized intensity of the sample line com- 
pensated for source fluctuations. 
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STANDARDIZATION OF SPECTRAL UNBS 



The present invention relates to optical spectrometers and particularly to a spectrometer and a related 
method for standardization of spectral line intensities. 



BACKGROUND OF THE INVENTION 



Various types of optical spectrometers are. In use for such purposes as '^''^^^^^^J'^'^^'!;^ 

Sr ^ted March 7 1986 (Collins), assigned to the assignee of the present aJSpllcatlon. A stepper rnotor 
837.438 filed wiarciw. ''V,,. af the detector to locate any selected portion of the spectrum for 

Which a e JaS w enough to encompass eich of the selected spectral bands with some 'njg.n_ The 
motor Sns tough all steps in a window, and then mo>«s quickly to the ^ne^ window before scanning .n 
stebs again, and on to the next window, etc.. for the whole series of spectral bands. 

cSoVcrf the instrument typically is accomplished by running a standard element of known 
• concelISo"a?drbackground or blank mn with no sample, before running the unknown samples. This 

'^IS'fu'Se^SScl.'V^^^ to compensate for fluctuations In the source such as variations In 

the Z^^Zp\t^^^^^m^■^-^o a source plasma. For this ^-'^^^J^'^f'^^ZlSu^Z 
efTeSd by me^ring intensity of a spectral line of a reference element added in a known Q^anti^ in the 
Surce During ea^h mn. or selectively between the runs for unknown elements i" a sampte. an -ntens^ty erf 
a reS^^ spSal line is determined. A ratio of a sample line intensity to that of the «te^e"ce Ime 
or^ rsTsSdized measure of intensity and thereby quantity of the unknown atomic spec.es. This 
, ZZ^. ihThS^ beenTn extensive use for many years, is ^^^'^^^^^^^^'^IL^^tTe^^ 
problem is that results are susceptible to interference from extraneous rad.at.on as from alj^^^^tes^^dded 
to sample liquids injected into the plasma. In such case, recovery. ..e. measured -ntensity, may 

"""iJ'ttemire standardization method was refined by Myers and Tracy as reported in •■Impr^ed 
, ParfoTm^icrusma Eternal Standardization in Inductively-coupled Plasma Emission Spectroscopy" by S A 
Mvlr^d dT t a?y^^^ Acta. 386 1227-1253 (1983). Known as simultaneous s^andard«^ 
Sin ttirmeth<«l involve s splitting out a Ti^tion of the input beam from ttie source. This sp it Porton .8 
Si,i;e?sDr aS ine haJ is used for measurement of a standard line intensity. The ottier half is used for 
mSsurement^ background radiation which is subtracted from the standard and sample lin -ntensrt.es _A 
^Myers tX" rate is calculated as the ratio of the corrected intensities of the sample and tiie standard. 
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This standardization method has significantiy improved average accuracy (recovery), since the compensa- 
tion measurements are made simultaneously, and is used in the Perldn-Elmer Plasma II. However, th r 
often is a considerable scatter in Individual results, Ue. poor accuracy. 

therefore an object of the present invention Is to provide a novel method and an apparatus for 
standardizing spectral line intensities to improve compensation for source fluctuations. A further object is to 
provide a novel method with an optical spectrometer for effecting spectral measurements having Improv d 
recovery and accuracy. Another object is to provide an Improved optical spectrometer for achieving high 
accuracy and precision in quantitative measurements for atomic elements. 

SUMMARY OF THE INVENTION 



The foregoing and other objects are achieved by a method of standardizing spectral line Intensities in 
IS an optical spectrometer including radiation means for generating an input beam having a background 
radiation and being characteristic of a plurality of atomic elements including a sample element, a reference 
element and a standard element: separation means for separating tile Input beam Into a simple spectral line 
characteristic of tfie sample element, a reference spectral line characteristic of the reference element a 
standard spectral line characteristic of the standard element, and a background spectral band of the 
20 background radiation; and measuring means for measuring intensity of each of the spectral lines and the 
background band. 

the rhetiidd comprises intrckjucihg Into tfie radiation means a sample element, a reference element and 
a standard element such as to provide, respectively, a sample spectral line, a reference spectral line and a 
standard spectral line, and to further provide a background ban6; measuring at a first time an intensity Ia of 
25 the sample line, a first intensity Iri of tiie reference line and a first intensity Ibi of the background band; 
measuring at a second time ah intensity Is of the standard line, a second intensity Ir2 of the reference line 
and a second Intensity lea of the background band; and computing an Intensity ratio IR defined by the 
formula 



35 The intensity ratio IR represents a standardized intensity of the sample line compensated for source 
fluctuations. The background intensities may be omitted if insignificant. 

The objectives are further achieved by an optical spectrometer comprising radiation means for 
generating an input beam characteristic of background radiation and of a plurality of atomic elements 
including a sample element, a reference element and a standard element Separation means separate the 

40 Input beam into a sample spectral line characteristic of the sample element a reference spectral line 
characteristic of tfie reference element a standard spectral line characteristic of the standard element, and 
a background spectral band of the background radiation, Rrst measuring means measure at a first time an 
intensity U of the sample line, a first intensity Ir-, of ttie reference line and a first intensity lai of the 
background band. Second measuring means measure at a second time an intensity Ir of the reference line, 

46 a second intensity Ir2 of the reference line and a second intensity lea of tiie background band. Computing 
means compute an intensity ratio IR defined by tiie formula 



50 



( ifti • Ibi) (Ir2 - Ib2)- 



The intensity ratio IR represents a standardized intensity of the sample line compensated for source 
fluctuations. The background Intensities may be omitted if insignificant 

According to a preferred embodiment, the separating means comprises splitting means and optical 
dispersion means. The splitting means is for splitting the input beam into a primary beam characteristic of 
the sample element and the reference element a standard beam comprising the standard spectral line and 
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a hackaround beam comprising the background spectral band. r 
The oXal dispersion means is receptive of the primary beam for producing a senes f P J' 
SmprSng the sample line and the reference line. The optical dispersion means further comprls s scanning 
means for directing the sample line and the standard line sequentially to a detector. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. t is a block diagram of an optical spectrometer system for carrying out the present invention. 

FIGS 2 and 3 are schematic drawings of components of FIG. 1 • 

FIG. 4 is a schematic drawing of a drive assembly component of FIG. 3. 

FIG. 5 Is a flow chart of a program for carrying out the invention. 
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DETAILED DESCRIPTION OF THE INVENTION 

A spectrographic system for carrying out the present invention to comperrsate for source fl"<=tojations|s 
Shown Ke Wock iagram of RG. 1. For purposes of illustration herein. Vj^f! 
corpar2.le to the aforementioned Perkin-Elmer Plasma II emission spectrometer. There are. broadly, three 
sSems. namely, a source of radiation 10. an optical spectrometer 12. and a data processor 14 _ 

iSaln source 10 produces infrared, visible and/or ultraviolet radiation 9«"«S^ TrSlfbvl 
atomic elements. The source may be. for example, an inductively coupled plasma ( CP) 
S^er sup^ 18. into which a sample comprising test material (analyte) in a matrix solution .s injected by a 
T^\el^r ^ Mtemali.eiy L source may be a graphite furnace or ttie ^I^^^^^^J^^ZlZ t 
_5Sn Ines or abs orption lines of atomic elements, or extr aterrestri al with light being collected by an 

'^SS'iS?20 injects into the plasma a mixture of a sam^l^Ce.g. unknown) material for analysis^a 
seledS's^nclard atomic element in a known concentration, and a selected t^^?"^^^^;'^"'!"^ ^ 
standard element is conventionally scandium or another element having atomic sp^ lines that are 
unlikely to interfere with atomic lines to be measured for the sample and ^^^^^^^ .... ^ 

The reference is chosen to have similar spectral characteristics to the expected sample materi^ fo 
exampte lanthanum (202.S4anm) is a good reference element for measuring for manganese. Thus 

i from the source is characteristic of a plurality of atomic elements including the sample, reference 

"'iTrS beam 24 passes through an auxilliary spectrometer 26 shown in ^eteil In Fia 2^e in^irt 
beam 22 from source 10 is split with an uncoated quartz plate 28 having about 5% '«««^'»- 
refSted 5% beam is directed further into auxiHIary spectrometer 26. The 95% PO^-oapassmg through ttte 
platrSnstitutes prirhary beam 24 that Is directed to a conventional spectrometer 30 such as a spectral 

monochromator, shown further in FIG. 3. . * « j ♦u^ ^^♦^ranz-o 

The primary beam 24. which is characteristic of at least the sample elements and the reference 
elem^rt. passS through an entrance slit 31 and rays 32 are reflected by a concave coinm«tor W 
if lectiv^ holographic diffraction grating 36. Dispersed rays 40 reflected in 

grating are passed to a concave spherical reflector 42 which focuses the rays through an «f 50 *9 a 
dSector 51. The detector is preferably a photomultiplier tube for maximum sensltnrfty. although a soPd state 

"^"tdrivTasfe.^ 61 is operatively connected to rotate the grating as shown in further ^et^Vm RG. 4^^ 
small motor 52 turns a worm gear 53 via a set of pulleys and belts 54. ^omi gear 53 repos^t,^ 

so gear 55 and. thereby, diffraction grating 36. The stepper motor thus onents grating 36 '"'^jespect to 
detector means 50. 51 (RG. 3) to locate any selected portion of the spectrum for measuremen of the 
intenX Of the selected portion. A dedicated microprocessor unit 56 provides 3u. able s,gnals on a 
conSor 58 to the motor for orientation. The microprocessor alsb receives the ^"^'V'Tt^ 
conduaor 60 from detector 51. and provides output signal data in the form of spectral intensity vs spectral 

55 position Of each line pi^ogrammed into the computor for selection. «..ta«nn« 

Spectral position is fondam ntelly wavelength (or frequency) but for purposes of '"^^"^ ^"^P"^""^ 
and control inconveniently the step position of the motor. The selected spectiral lines are tinose that are 
characteristic of the sample and of ttie reference elements. 
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Referring back to FIG. 1. to provide for further control and also to Implement the present invention as 
descnbed hereinbelow. a second data processing unit 62 such as a personal computer (PC) is programmed 
tor further processing of the iriforriiaitlon on intensity and position. The PC communicates with microproces- 
sor 56 via bus 64 and. via a further bus 65 as required, is conn cted to (or includes) an Interfacing unit such 
as a terminal with a monitor and a keyboard. The PC 62. terminal 66 and microprocessor 56 collectively 
constitute data processor 14. which alternatively may be a single computer or part of a central system to 
effect the required data processing, and is also broadly termed "computer" herein. 

Referring again to RG. 2. in the auxiliary spectrometer 26 the 5% reflected beam passes as a 
secondary beam 66 through a field stop aperture 68 and a field stop lens 70 to a 50% beam splitter 72 
consisting of a quartz plate with a thin coating of aluminium thereon. Half of the beam continues as a 
secondary standard beam 74 through a first interference filter 76 that passes only a selected scandium line 
77. such as 424.683 nm. A first lens 78 focusses the scandium line onto a first photodeteclor 80 which 
outputs on a conductor 82 a standard signal to the PC 62 (FIG. l) representing the Intensity of the standard 

The other half 84 of the secondary beam 66 is reflected by splitter 72 through a second interference 
filter 86 for passing a selected background band 88. For example if the ICP is generated with argon gas an 
argon band of 419 - 420nm is selected. After a second focussing lens 90 a second photodlode 92 receiv s 
the band on a conductor 94 to PC 62 (RQ. i) and generates a background signal representing the intensity 
of the background. f- ^ j 

It will be appreciated that other means may be usd to separate and detect the standard line and the 
background band. For example a dispersing element may be used in place of the splitter and filters. Also 
auxiliary spectrometer 26 may be separated from the optics of the main spectrometer 30 and receive 
radiation directly from the source from another angle, although the system shown is generally more 
accurate. Whatever system is used, the intensities of the line and the band should be detennined 
substantially simultaneously with each other and with measurements being made with the primary spec- 
trometer 30. 

Although all measurements may be made at the same time, accoitiing to a preferred embodiment and 
me present example, a spectral monochrbnometer 30 such as depicted in RG. 3 scans lines across a 
detector-to-measure-standard and sample lines sequentially.- The order is-nrt impbrtifirt<rthe'5rTOeKr 
inventiori. For convenience and efficiency a line for the standaitl element Is designated to the computer and 
preferably measured first and the data is stored in the computer, and then a scanning run is made to 
measure reference and sample line intensities. However, this order could be reversed, or the sample and 
standard lines could be all measured sequentially in a single scanning run with the stepper motor. The 
standard line is best measured before the sample lines, for availability of standard intensity in subsequent 
calculations. The following description applies to a single atomic line of a sample, although in practice a 
number of lines are measured and similarly processed. Also, for simplicity, intensity measurements are 
described although the data processing clearly deals with the corresponding electrical signals. 
,„ t] ^ ""^^ ^ «®«1"e"ce. an intensity Ia of a sample line is measured wfth monochromator 

30. Simultaneously, with the auxiliary spectrometer 26, a first Intensity l„, is measured for the reference 
ine. and a first intensity la, is measured for the background band. A firet ratio R1 is computed, and stored 
in the computer memory, according to the formula 



At me second point of time, which may be before or after me first time, an intensity Is of mo selected 
standard line is measured with me monochromator. Simultaneously at me second time, wim me auxiliary 
spectrometer, a second intensity \„ is measured for the reference line, and a second intensity l^ is 
measured for me background band. A second ratio R2 is computed according to me formula 



R2» 



^R2 ' Ib2« 



An intensity ratio IR is then computed as R1/R2. or 
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- iBl) 



. (Is - lB2 

) T > 

- Ib1> <IR2 - IB2) 



This ratio is then conventionally related to atomic concentration via the calibration. In practice R1 and 
R2 may l2 stewed until the end of a series of runs, and then all IR calculations made to provide the data on 

durable to correct for background as indicated above. However, it is not necessary under the 
preserlt invenSlT.^ mLure or comjute the bacKground correction if the background .s deemed to be 
insignificant. Thus the intensity ratio may be presented more broadly as 

IRO - ( > "T 

(RrI) (Ir2) 



For comparison of results, the ratio R1 will be recognized as a conventional My«^-T'^^|y J;;;;^-;^ 
«f«nd«dSilon ratio using simultaneous measurements. For further companson, a ratio RS may be 
^ ^T^^^^seZ^^- a^terne^^e conventional standardization using sequential measuremerrts: 



RS< 



Is - l82 



25 



30 



The TABLE herein sets forth comparative results for four levels of compensation for sour^ fluctuations^ 
-DS^?e^SLT?ilclum line and-a-manganese-lin^^^ 

^otpm 'nTiS NaCI water solution injected into an argon plasr^a "Recovery" P^^J^Xn (^Hs 
intensity ratio relative to its theoretical value based on the actual amount in the soluton. Precision (.) Is 
determined from the spread in results over 5 mns. 

TABLE ■ 



9S 



40 



so 
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RECOVERY AND PRECISION OF Ca and Mn 
in 2% NaCI 




Ca 393.366 


Mn 257.610 


No Correction 
Internal Std. 
Sequential Std. 
Present Invention 


86.2 t 3.1 
102.8 ± 4.4 

98.5 ± 0.7 
100.0 ± 0.7 


75.7 t 4.4 
99.1 t 5.4 
93.0 ± 0.4 
100.9* 1.0 



The data show that "No Con-ection" and "Sequential Standardization- each result '"Erroneously tow 
meal^emert cLculLns. The reason is considered to be interference ^^"'^ ^^^^ ^'^^^"^^ 
whXsTpteS^ded to simulate actual samples containing electrolytes. The data also show relabvely 

nnnr nracision for "no correction'* and -internal standardization". 

'^Te orient nviSon. however, yields very good results in both recovery and precision. These results 
are ^XsL^^rising because typical experience with multiple calculations for physical processes .s loss 

°*ThoShte'SSi°^;g"tL;^^^^^^^ are quite simple, the invention is espedally suited for a 

sDecVoaraphic systern that is automated by computer, e.g. the Perkin-Elmer Plasma " fP^ctrameter The 
cSSri rSy integrated into an existing computer program used for calculating standard.zed 

'"*%T?'5 is an illustrative flow sheet of the method and means for carrying out the 

computer pfogram. After initialization (100). the operator selects an intern^ '^^^^^t^'T.Hl^S' 

Tx^ the analysis sequence (104). The program queries whettier a run is made on ttie standard (106). 
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generally the first run. If "yes", the standard data is stored and th analysis Is repeated on the next element 
(104). When the run is not on the standard, successive calculations are made for the ratio R1 (110) and the 
ratio R2 (112). Unless the run is on the last elem nt (114), the program returns to analysis of a next element 
(104) to repeat the process. When the runs are completed, the final ratios IR for th elements are made 

5 (116) and a report is generated (118). 

The software illustrative of the type needed to achieve the optimization and perform the method steps 
as set forth herein is in the C-language operating under a copyrighted software operating system known as 
IDRIS developed by. and commercially available from. Whitesmiths Ltd.. of Concord. Massachusetts. The 
listing may be compiled on a Perkin-Elmer Model 7500 computer, and will operate In the manner herein 

10 described above. Other similar computers may be utilized as well and other programs can easily be 
developed in other programming languages to accomplish the same functions. 

The foregoing discussion has been made with particular emphasis upon a prefenred embodiment 
therefor which utilizes a particular form of Instrument for chemical analysis namely, the Inductively coupled 
plasma spectrometer. Those of skill in the art, however, will recognize that the principles of the present 

IS invention may be applied equally to the operation of various other instruments for chemical analysis. The 
foregoing and other modifications to the apparatus according to the present invention may be made by 
those of skill In the art without departing from the spirit and scope of the present invention as defined by the 
following claims. 

20 

Claims 

1. A method of standardizing spectral line intensities in an optical spectrometer including: 
radiation means for generating an input beam characteristic of a plurality of atomic elements including a 
25 sample element, a reference element and a standard element; 

separation means for separating the Input beam into a sample spectral line characteristic of the sample 
element, a reference spectral line characteristic of the reference element, and a standard spectral line 
characteristic of the standard element; and 

measuring means-for nieasuring Intensity of each of the spectiral lines; 

30 the method comprising: 

Introducing into the radiation means a sample element, a reference element and a standard element such 
as to provide, respectively, a sample spectral line, and a reference spectral line and a standard spectral 
line; 

measuring at a first time an intensity U of the sample line and a first intensity Iri of tine reference line; 
35 measuring at a second time an intensity Is of tfie standard line and a second Intensity Ir2 of tfie reference 
line; 

computing an intensity ratio IRq defined by the formula 

iRo - { -9 ( ) 

( iRl J I lR2 ) 

wherein the intensity ratio IRo represents a standardized intensity of the sample line compensated for 

45 source fluctuations. 

2. A method of standardizing spectral line Intensities in an optica! spectrometer including: 
radiation means for generating an input beam having a background radiation and being characteristic of a 
plurality of atomic elements including a sample element a reference element and a standard element: 
separation means for separating the input beam into a sample specti^al line characteristic of tfie sample 

50 element, a reference spectral line characteristic of the reference element and a standard specti-al line 
characteristic of the standard element, and a background spectral band of the background radiation; and 
measuring means for measuring intensity of each of the spectral lines and the background band; 
the method comprising: 

introducing into tiie radiation means a sample element, a reference element and a standard element such 
56 as to provide in tfie spectrometer respectively, a sample spectral line, a reference spectral line and a 
standard spectral line and to further provide a background spectral band: 

measuring at a first time an intensity U of the sample line, a first intensity iRt of tiie reference line and a 
first Intensity Ibi of the background band; 

7 
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m asuring at a second time an intensity Is of the standard line, a second intensity of the reference line 
and a second intensity lea of the bacl<ground band: and 
computing an intensity raUo IR defined by the formula 

( Ia - iBl) ' (Is - Ib2 } 
IR • ( ) T ( 

wherein the intensity ratio IR represents a standardized intensity of the sample line compensated for source 
fluc^ahons. ^. ^ ^ 2 wherein the separating means comprises: 

s«ii«n^ means fo? splitting the input beam into a primary beam characteristic of the sample elemer^t and 
'ttStferre eilSfa ' t^ beam comprising the standard spectral line and a baclcground beam 

" pTmarv beam for producing a series of spectr. lines compHsIng 

the sample line and the reference line. 

4. A method according to Claim 2 wherein the first time and ttie second time <^^- 

5 A method according to Claim 2 wherein the first time and the second time are sequental. 

^T. nTL.^ »P««™1 «■» cl»«=»rt«lc of M «t««». 9l.men<. »«i . stmdart JpacWl line 

25 characteristic of the standard element; . j^tonei+x/ i 

firi measuring means for measuring at a first time an intensity U of the sample l.ne and a first intenerty \„ 

SS^a-SSlLansfoFmeasirrif^^ 

intensity Irz of the reference line: 

computing means for computing an intensity ratio IR defined by the formula 

IRQ • < ) -r 

( iRi) t iR2> 

wherein the intensity ratio IRo represents a standardized intensity of the sample line compensated for 
source fluctuations. 

.dlLrrSfrgtrrgre^ta^ ha.ng a bacKground radia«on and b^-g c^aclB^^ ^ 
plurality of atomic elements including a sample element, a reference element and a standard ste-^fV 
separation means for separating, the input beam into a sample spectral line f^^^^f^^^^^ 
element a reference spectral line characteristic of the reference element, a standard spectral line 
Characteristic of the standard element and a background spectral band of the ^fcicground rad-aton^^ 
first measuring means for measuring at a first time an intensity U of the sample line, a first Intensity Iri of 
the reference line and a first intensity Ibi of the background band: . , , ^ ^ ««..«nH 

Tecond measuring means for measuring at a second time an intensity Is of the standard line, a second 
intensity Irz of the reference line and a second intensity lu of the background band: and 
computing means for computing an intensity ratio IR defined by the formula 



90 
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IR 



56 



(Iri - Ibi) ' (^R2 • ^B2 ) 



wherein the intensity ratio IR represents a standardized intensity of the sample line compensated for source 



8 



BNSDOaO: <EP 0344782A2J_> 



EP 0 344 782 A2 



fluctuations. 

8. A spectrometer according to claim 7 wherein the separating means comprises: 

splitting means for splitting the input beam into a primary beam characteristic of the sample element and 
the reference element, a standard beam comprising the standard spectral lin and a background beam 
5 comprising the background spectral band; and 

optical dispersion means receptive of the primary beam for producing a series of spectral lines comprising 
the sample line and the reference line. 

9. A spectrometer according to Claim 8 wherein the first measuring means comprises a first primary 
detector receptive of the sample line, a reference detector receptive of the reference line, and a background 

70 detector receptive of the background line, and the second measuring means comprises a second primary 
detector receptive of the standard line and further comprises the reference detector arid the background 
detector. 

10. A spectrometer according to Claim 9 wherein the second primary detector consists of the first 
primary detector, and the optical dispersion means comprises scanning means for directing the sample line 

75 and the standard line sequentially to the primary detector. 
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0 standardization of spectral lines. 



® A method and apparatus for standardizing spectral line intensities in a spectral monochromator that 
separates an input beam into a sample spectral line characteristic of a sample element, a reference spectral line, 
a standard spectral line and a background spectral band. At a first point in time an intensity U of the sample line, 
a first intensity Iri of the reference line and a first intensity Ibi of the background band are measured. At a 
second point in time an intensity 1$ of the standard line, a second intensity Ir2 of the reference line and a second 
intensity lea of the background band are measured. An intensity ratio IR defined by the formula 
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Is computed wherein the intensity ratio IR represents a standardized intensity of the sample line com- 
^ pensated for source fluctuations. 
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